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a b s t r a c t

This study examined the influence of education on smoking status in a cohort (n = 316) of pregnant women
who were smokers at the time they learned of the current pregnancy. Subjects were participants in
clinical trials examining the efficacy of monetary-based incentives for smoking-cessation and relapse
prevention. In multivariate analyses, educational achievement was a robust predictor of smoking status
upon entering prenatal care, of achieving abstinence antepartum among those still smoking at entry into
eywords:
obacco smoking
ducation
regnancy
reatment
elapse prevention

prenatal care, and of smoking status at 6-month postpartum in the entire cohort and the subsample who
received smoking-cessation treatment. In addition to educational attainment, other predictors of smoking
status included smoking-related characteristics (e.g., number of cigarettes/day smoked pre-pregnancy),
treatment, maternal age, and stress ratings. We suggest that strategies to increase educational attainment
be included with more conventional tobacco-control policies in efforts to reduce smoking among girls
and young women.
ealth disparities
omen

. Introduction

The 1964 publication of the U.S. Surgeon General’s report doc-
menting a causal relationship between cigarette smoking and
ancer among other events precipitated a substantial decrease in
he prevalence of cigarette smoking in the U.S. and other industri-
lized countries over the ensuing years (U.S. Department of Health,
ducation, and Welfare, 1964). Unfortunately, that decrease in
moking prevalence has not been evenly distributed. Young adults,
isadvantaged individuals, and women have experienced substan-
ially smaller declines in smoking prevalence (e.g., Graham et al.,
007). Indeed, during this period of decline in overall smoking
revalence, socioeconomically disadvantaged women, especially
hose who are educationally disadvantaged, have come to make
p an increasing proportion of the shrinking population of current

mokers (Graham, 2009; Graham et al., 2007; US Department of
ealth and Human Services, 2001).

The prevalence of smoking among women in the U.S. peaked
n the mid 1960s at approximately 33% (U.S. Department of Health

∗ Corresponding author at: Department of Psychiatry, University of Vermont, UHC
ampus, Rm 3100B Old Hall, 1 S. Prospect St., Burlington, VT 05401, United States.
el.: +1 802 656 9615; fax: +1 802 656 9628.

E-mail address: stephen.higgins@uvm.edu (S.T. Higgins).

376-8716/$ – see front matter © 2009 Published by Elsevier Ireland Ltd.
oi:10.1016/j.drugalcdep.2009.03.013
© 2009 Published by Elsevier Ireland Ltd.

and Human Services, 2007). As of 2006, the prevalence of smok-
ing among U.S. adult women was 18% overall and 22% among
women between the ages of 18 and 44 years (i.e., childbearing age)
(U.S. Center for Disease Control and Prevention, 2008). Those rates
vary substantially across different educational levels, with smoking
prevalence being 10% among college graduates compared to 28%
among women with less than 12 years of education.

These differences in smoking prevalence between women with
different levels of educational attainment are striking and have sub-
stantive health implications. Especially germane to this report is
that educational attainment is inversely related to the likelihood
of being a smoker at conception. We report results from a study
examining the relationship between educational disadvantage and
smoking status at three critical points during pregnancy and early
postpartum (i.e., start of prenatal care, end of the antepartum
period, 6-month postpartum) among a cohort of 316 women who
participated in clinical trials on the use of voucher-based incen-
tives to promote smoking-cessation and prevent relapse among
women who were smokers at the time they learned of their cur-
rent pregnancy (Heil et al., 2008; Higgins et al., 2004b). First, we

examined the relationship between educational disadvantage and
the likelihood that a woman will quit smoking between learning
of her pregnancy and beginning prenatal care. Smoking during
pregnancy is the leading preventable cause of poor pregnancy
outcomes (Cnattingius, 2004; Ershoff et al., 2004). Prior studies

http://www.sciencedirect.com/science/journal/03768716
http://www.elsevier.com/locate/drugalcdep
mailto:stephen.higgins@uvm.edu
dx.doi.org/10.1016/j.drugalcdep.2009.03.013
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Table 1
Baseline characteristics of women recruited from obstetric practices who partici-
pated in the study (n = 316).

Demographics
Maternal age (years) 24.5 (5.3)
Caucasian (%) 95

Education (%)
<12 years of education 26
12 years of education 43
>12 years of education 31

Weeks pregnant at baseline 9.8 (3.6)
Primagravida (%) 55
Married (%) 27
Private insurance (%) 30
Working for pay outside of home (%) 56

Smoking characteristics
Age first started smoking cigarettes 15.0 (3.1)
Cigarettes per day pre-pregnancy 16.7 (9.8)
Living with another smoker (%) 71
Smoking allowed in home (%) 50
None or few friends/family who smoke (%) 30
Attempted to quit pre-pregnancy (%) 70
Number of quit attempts during pregnancy 1.0 (1.9)
Total score nicotine withdrawal questionnaire (0–4) 1.5 (0.9)

Psychiatric symptoms
Stress rating (1–10) 5.2 (2.5)
S.T. Higgins et al. / Drug and Alcoh

ave demonstrated a strong positive association between years
f education and the likelihood of quitting smoking in the inter-
al from conception to initiation of prenatal care (Solomon and
uinn, 2004). Second, we examined the relationship between edu-
ational disadvantage and the likelihood of abstinence by the end
f the pregnancy among women still smoking at first prenatal care
isit. While quitting smoking as soon as possible after learning of
pregnancy is recommended, quitting smoking as late as the third

rimester can produce substantial positive benefits for the fetus,
ncluding increases in growth (e.g., Bernstein et al., 2005). Third,

e examined the relationship between educational disadvantage
nd the likelihood of abstinence from smoking at 6-month post-
artum. Pregnancy is a major event in the life-course that provides
pportunity for long-term changes in health-related behavior. This
nalysis examines how education relates to achieving longer term
moking abstinence in this cohort of women all of whom were
mokers when they learned of this most recent pregnancy. To our
nowledge, such a prospective examination of the relationships
etween educational disadvantage and smoking abstinence at crit-

cal points antepartum and postpartum in a single cohort of women
as not been reported previously and offers new information on this
verarching issue of educational disadvantage and smoking among
omen.

. Methods

.1. Participants

Participants (n = 316) were recruited from one of four group-obstetric practices
nd a Women, Infants, and Children (WIC) program in the greater Burlington, VT
rea. Study eligibility was determined through a structured intake assessment. All
tudy participants reported being smokers at the time of learning of their current
regnancy. Women with a biochemically verified self-report of no smoking for the
days prior to a study-intake assessment were eligible for relapse prevention stud-

es (n = 110). Those with a biochemically verified self-report of smoking within the
days prior to the intake assessment were eligible for smoking-cessation studies

n = 206). Other inclusion and exclusion criteria were common across the relapse
revention and smoking-cessation studies and included ≤26 weeks pregnant, resid-

ng within the county within which the research clinic was located, planning to
emain in the geographical area for 6 months following delivery, English speaking,
ot incarcerated, no prior participation in studies within this research clinic and
ot currently residing with someone who participated in a prior study. Women in
he relapse prevention and cessation studies were randomly assigned to receive
bstinence-contingent vouchers exchangeable for retail items or a control interven-
ion in which vouchers were delivered independent of smoking status. Smoking
bstinence was verified by urine-cotinine testing using enzyme immunoassay and
cutpoint of ≤80 ng/ml. All study participants provided written informed consent

nd study protocols were approved by the University of Vermont College of Medicine
nstitutional Review Board.

.2. Procedures

Participants randomly assigned to abstinence-contingent voucher conditions
arned the monetary-based incentives contingent on biochemically verified smok-
ng abstinence, while those assigned to non-contingent voucher control conditions
arned incentives of comparable monetary value independent of smoking status. All
eterminations regarding voucher delivery in the abstinence-contingent conditions
ere based exclusively on biochemical test results. The voucher-based incentive
rogram operated throughout antepartum and 12 weeks postpartum. For further
etails about treatment conditions see Heil et al. (2008) and Higgins et al. (2004b).

n addition to the intake assessment (before 26 weeks of pregnancy), study outcome
ssessments were completed with all study participants near the end-of-pregnancy
28–32 weeks), and 2-, 4-, 8-, 12-, and 24-week postpartum. Smoking abstinence at
he intake and outcome assessments was defined as a biochemically verified self-
eport of no smoking in the past 7 days. Analyses described below are based on
esults from the study-intake, end-of-pregnancy, and 24-week postpartum assess-
ents.

.3. Statistical methods
Stepwise logistic regression analyses were used to predict smoking status at
aseline, end-of-pregnancy, and 24-week postpartum using subject demographics,
moking characteristics, and psychiatric symptoms as potential explanatory vari-
bles. For these analyses, education was categorized as <12 years, 12 years, or >12
ears, with <12 years functioning as the reference group. Significance to enter and
Beck depression inventory 10.2 (6.9)
History of depressive symptoms (%) 32

Note: Values represent mean (SD) unless otherwise specified.

stay in the final regression model was based on p < 05. Because derived odds ratios
correspond to a 1 unit change in each predictor variable, cigarettes per day were
transformed to represent a 5-cigarette difference in order to represent a meaning-
ful change in smoking. Analyses were performed using SAS software Version 9 (SAS
Institute, Cary, NC).

3. Results

3.1. Study participants

Study participants were almost exclusively Caucasian, 69% com-
pleted 12 or fewer years of education, 73% were unmarried, and 70%
were without private health insurance (Table 1). They smoked an
average of 16.7 cigarettes/day prior to the pregnancy and began
smoking on average at 15 years of age.

3.2. Abstinence at the intake assessment

This first analysis focused on whether education was a signifi-
cant predictor of spontaneous quitting, that is, achieving abstinence
prior to beginning prenatal care. In stepwise multiple regression,
education was the second variable to enter the model (Table 2).
Compared to women with less than 12 years of education, the
odds of being abstinent prior to entering prenatal care were 5.5-
fold greater among those with 12 years of education and 27.2-fold
greater among those with more than 12 years of education.

The first variable to enter the model was the number of
cigarettes/day women reported smoking prior to the pregnancy,
with the odds of abstaining decreasing by 71% for every 5 additional
cigarettes/day smoked pre-pregnancy (Hughes and Hatsukami,
1986). The four other significant predictors of abstinence in the
order in which they entered the model were mean total score on
the Minnesota Nicotine Withdrawal Questionnaire with increased
scores being associated with decreased odds of abstinence, smok-

ing permitted in the home being associated with decreased odds,
having attempted to quit smoking prior to the pregnancy being
associated with increased odds, and increased levels of stress expe-
rienced in the week prior to study entry being associated with
decreased odds of abstinence.
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Table 2
Stepwise logistic regression predicting abstinence entering prenatal care in full
cohort. Significance to enter and stay based on p < 05.

Predictor variable Odds ratios (95% C.I.) p-Value

Cigarettes per day
pre-pregnancy (per 5 cig
increase)

0.29 (0.20–0.40) <0.001

Education <0.001
12 years vs. <12 years 5.5 (1.8–16.3)
>12 years vs. <12 years 27.2 (8.0–92.8)

MNWS total score (per 1 unit
increase on 0–4 scale)

0.5 (0.3–0.8) 0.006

Smoking in home vs. no
smoking in home

0.3 (0.2–0.7) 0.004

Attempted to quit
pre-pregnancy vs. no quit

2.7 (1.1–6.4) 0.02
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Table 4
Stepwise logistic regression predicting abstinence at end-of-pregnancy assessment
in those still smoking entering prenatal care. Significance to enter and stay based on
p < 05.

Predictor variable Odds ratios (95% C.I.) p-Value

Treatment condition (contingent
vouchers vs. non-contingent
vouchers)

10.3 (3.7–28.4) <0.001

Attempted to quit pre-pregnancy
vs. no quit attempts

3.8 (1.3–10.9) 0.02

Number of quit attempts
antepartum (per additional
attempt)

1.3 (1.1–1.5) 0.03

Cigarettes per day pre-pregnancy
(per 5 cig increase)

0.6 (0.5–0.9) 0.01
attempts
tress rating (per 1 unit
increase on 10-point scale)

0.8 (0.7–0.9) 0.03

.3. Predicting abstinence at end-of-pregnancy assessment

This analysis examined whether education predicted smoking
tatus at the end-of-pregnancy assessment. Analyses were con-
ucted with the cohort overall and also separately among those
ho were still smoking upon entering prenatal care and received

essation treatment and those already abstinent at the start of
renatal care who received relapse prevention treatment. In the
nalysis with the entire cohort, education again was the second
ariable to enter (Table 3). Compared to women with less than
2 years of education, the odds of being abstinent at the end-of-
regnancy assessment were 5.5-fold greater among those with 12
ears of education and 9.2-fold greater among those with more than
2 years of education.

Among the five other variables to enter the logistic model, num-
er of cigarettes smoked/day was again the first variable to enter,
ith the odds of abstinence decreased by 50% for every 5 additional

igarettes/day smoked pre-pregnancy. Other significant predictors
f abstinence in the order in which they entered the model were
reated with abstinence-contingent vouchers being associated with
ncreased odds, number of quit attempts antepartum also being
ssociated with increased odds, increases in baseline mean total
core on the Minnesota Nicotine Withdrawal Questionnaire being
ssociated with decreased odds, and having tried to quit smok-
ng prior to the pregnancy being associated with increased odds

f abstinence.

When the analysis was restricted to those who were still smok-
ng upon entering prenatal care, education was the fifth variable
o enter the model (Table 4). Compared to women with less than

able 3
tepwise logistic regression predicting abstinence at end-of-pregnancy assessment
n full cohort. Significance to enter and stay based on p < 05.

redictor variable Odds ratios (95% C.I.) p-Value

igarettes per day pre-pregnancy (per
5 cig increase)

0.5 (0.4–0.6) <0.001

ducation <0.001
12 years vs. <12 years 5.5 (2.3–13.1)
>12 years vs. <12 years 9.2 (3.7–23.1)

reatment condition (contingent
vouchers vs. non-contingent
vouchers)

4.9 (2.6–9.3) <0.001

umber of quit attempts antepartum
(per additional attempt)

1.3 (1.1–1.6) 0.02

NWS total score (per 1 unit increase
on 0–4 scale)

0.6 (0.4–0.9) 0.01

ttempted to quit pre-pregnancy vs. no
quit attempts

2.3 (1.1–4.5) 0.02
Education 0.02
12 years vs. <12 years 4.4 (1.5–12.8)
>12 years vs. <12 years 2.8 (0.7–10.7)

12 years of education, the odds of being abstinent at the end-of-
pregnancy assessment were 4.4-fold greater among those with 12
years of education and 2.8-fold greater among those with more than
12 years of education.

Treatment was the first variable to enter the model, with the
odds of achieving abstinence at the end-of-pregnancy being 10.3-
fold greater with abstinence-contingent vouchers. Other significant
predictors in the order in which they entered the model were
greater number of attempts to quit smoking prior to the preg-
nancy and number of attempts to quit antepartum each associated
with increased odds, and increases in the number of cigarettes/day
smoked prior to the pregnancy being associated with decreased
odds of abstinence.

In the analysis among those who had already quit smoking upon
entering prenatal care, education was not a significant predictor.
Only one significant predictor was identified and that was maternal
age. The odds of remaining abstinent increased 1.3-fold (95% C.I.:
1.1–1.7, p = 0.008) per additional year of age.

3.4. Predicting postpartum smoking status

In analyses on predictors of abstinence at 24-week postpartum,
analyses were again conducted with the entire cohort as well as
separately for those still smoking upon entering prenatal care and
those who had already quit. In the analysis with the entire cohort,
education was the second variable to enter the model (Table 5).
Compared to women with less than 12 years of education, the odds
of abstinence at the 24-week postpartum assessment increased 4.2-
fold among those with 12 years of education and 5.7-fold greater
among those with more than 12 years of education.
Consistent with the other analyses involving the entire cohort,
number of cigarettes/day smoked pre-pregnancy was the first vari-
able to enter the model, with the odds of abstaining decreasing by
50% for every 5 fewer cigarettes/day smoked pre-pregnancy. Other

Table 5
Stepwise logistic regression predicting abstinence at 24-week postpartum assess-
ment in full cohort. Significance to enter and stay based on p < 05.

Predictor variable Odds ratios (95% C.I.) p-Value

Cigarettes per day pre-pregnancy
(per 5 cig increase)

0.5 (0.4–0.7) <0.001

Education 0.02
12 years vs. <12 years 4.2 (1.3–13.8)
>12 years vs. <12 years 5.7 (1.7–19.1)

Treatment condition (contingent
vouchers vs. non-contingent
vouchers)

2.3 (1.2–4.6) 0.02

Maternal age (per 1 year increase) 1.1 (1.0–1.2) 0.02
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Table 6
Stepwise logistic regression predicting abstinence at 24-week postpartum assess-
ment in those still smoking entering prenatal care. Significance to enter and stay
based on p < 05.

Predictor variable Odds ratios (95% C.I.) p-Value

Treatment condition (contingent
vouchers vs. non-contingent
vouchers)

9.6 (2.0–45.4) 0.004

Education 0.02
12 years vs. <12 years 4.2 (0.8–21.7)
>12 years vs. <12 years 11.9 (2.1–67.1)

Table 7
Stepwise logistic regression predicting abstinence at 24-week postpartum assess-
ment in those abstinent entering prenatal care. Significance to enter and stay based
on p < 05.

Predictor variable Odds ratios (95% C.I.) p-Value
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aternal age (per 1 year increase) 1.1 (1.0–1.2) 0.004
tress rating (per 1 unit increase on
10-point scale)

0.8 (0.7–0.9) 0.04

redictors in the order in which they entered the model were treat-
ent with abstinence-contingent vouchers and older maternal age,

ach associated with increased odds of abstinence.
When the analysis was restricted to women still smoking upon

ntering prenatal care, education was the second variable to enter
he model (Table 6). Compared to women with less than 12 years
f education, the odds of being abstinent at the end-of-pregnancy
ssessment were 4.2-fold greater among women with 12 years of
ducation and 11.9-fold greater among those with more than 12
ears of education. The other predictor in this model was treatment,
hich entered first. Treatment with abstinence-contingent vouch-

rs was associated with a 9.6-fold increase in the odds of being
bstinent at 24-week postpartum.

In the analysis with spontaneous quitters who received relapse
revention treatment, education was not a significant predictor
Table 7). Two significant predictors were identified, with maternal
ge being the first variable to enter the model. The odds of being
bstinent increased 1.1-fold for every additional year of age. The
econd variable to enter was stress ratings, with the odds of remain-
ng abstinent decreasing by 1.2 for every one-point increase in the
0-point scale.

. Conclusions

The results of this study demonstrate that educational disad-
antage is a robust predictor of smoking status during pregnancy
nd postpartum. The positive association between educational
ttainment and the likelihood of quitting smoking before enter-
ng prenatal care has been reported many times previously, but,
o our knowledge, this is the first report to prospectively demon-
trate a sustained association between education and smoking
vident from the start of prenatal care through 6-month postpar-
um (Mullen, 2004; Solomon and Quinn, 2004).

The strength of the associations noted between education and
moking status in the present study also merits comment. With
egard to being abstinent upon entering prenatal care, the odds
ere estimated to be 27-fold greater among those with more than

2 years of education compared to those with less than 12 years
Table 2). That is a striking difference. The 95% confidence intervals
ssociated with that estimate were broad, but still the lower esti-

ate in that confidence interval was 8-fold greater odds, which also

epresents a sizeable association. Robust increases in the odds of
bstinence also were evident at the end-of-pregnancy assessment
ith 9-fold greater odds among those with >12 years of educa-

ion compared to those with <12 years of education among the
endence 104S (2009) S100–S105 S103

entire cohort and approximately 3-fold greater odds within the sub-
group who received smoking-cessation treatment (Tables 3 and 4,
respectively). Lastly, robust associations between education and
abstinence were observed at the 24-week postpartum assessment,
with an estimated 6-fold greater odds of abstinence among those
with >12 years of education compared to those with <12 years
of education among the entire cohort and 12-fold greater odds
within the subgroup who received smoking-cessation treatment
(Tables 5 and 6, respectively). These robust associations between
educational attainment and smoking status among pregnant and
recently postpartum women are consistent with those reported
previously based on a retrospective study in a stratified probabil-
ity sample of U.S. households (Fingerhut et al., 1990; Kandel et al.,
2009).

The associations observed between education and smoking sta-
tus among the entire cohort at the end-of-pregnancy and 24-week
postpartum assessments in the present study are not indepen-
dent of the same relationship observed upon entering prenatal
care. Indeed, these latter associations might best be considered as
demonstrating that the earlier relationship is sustained through
the antepartum and postpartum periods. Alternatively, the rela-
tionship between education and smoking status observed at the
end-of-pregnancy and 24-week postpartum assessments among
the subgroup who received smoking-cessation treatment is inde-
pendent of the association observed upon entering prenatal care
as these women were all smokers at that time. Instead, these asso-
ciations provide strong evidence of an influence of education on
the likelihood of eventually quitting smoking antepartum among
women who had not yet done so at the start of prenatal care, and
also an influence of education on the likelihood that these same
women would sustain abstinence following delivery. These asso-
ciations among the smoking-cessation women were evident after
controlling for the influence of potential confounders including
treatment, which itself increased the likelihood of abstinence at
the end-of-treatment assessment by approximately 10-fold at both
the end-of-pregnancy and 24-week postpartum assessment. Worth
mentioning is that the treatment effects noted were attributable
to voucher-based contingency management, which has features
that accommodate the potentially short temporal horizons of
educationally disadvantaged individuals by providing relatively
immediate monetary-based incentives contingent on biochemi-
cally verified abstinence (Higgins et al., 2004a; Jones et al., 2009).
The intervention has been demonstrated in several controlled trials
to increase cessation rates among pregnant smokers (Donatelle et
al., 2000; Heil et al., 2008; Higgins et al., 2008) and in the most
recent trial to also increase fetal growth (Heil et al., 2008). The
present results show that voucher-based contingency management
does not eliminate the positive influence of educational attainment
on cessation, but it does produce robust treatment effects even after
controlling for the influence of education, which underscores the
potential utility of this approach with educationally disadvantaged
populations (Higgins et al., 2008).

While education was a robust predictor of smoking status
antepartum and postpartum in the present study, the strongest pre-
dictor was the number of cigarettes smoked per day pre-pregnancy.
Smoking frequency is a well-established predictor of the likelihood
of achieving and sustaining abstinence among pregnant smokers
and the present results provide still further support for that rela-
tionship (Fingerhut et al., 1990; Mullen, 2004; Solomon and Quinn,
2004). Other smoking-related variables, including rules prohibit-
ing smoking in the home, nicotine withdrawal, and prior attempts

to quit smoking also were predictors in the present study and
prior studies as well (Mullen, 2004; Solomon and Quinn, 2004).
In addition to these smoking-related variables, maternal age and
self-reported stress levels were significant predictors in the present
study, especially in analyses conducted with the women who were
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bstinent at the start of prenatal care, which is consistent with
nowledge about predictors in that population from prior studies
Solomon and Quinn, 2004). Another predictor of postpartum absti-
ence among those early quitters not examined in the present study
ut reported by our group previously is discounting of delayed mon-
tary reinforcement (Yoon et al., 2007). In that study, women who
ere greater discounters of the value of delayed reinforcement in

n assessment completed at approximately 3-month antepartum
ere significantly more likely to resume smoking by 6-month post-
artum compared to women who discounted less. Discounting and
ducational attainment were significantly related in that study, but
iscounting remained a significant predictor of postpartum absti-
ence even after controlling for the influence of education. See the
eport by Jones and colleagues (this issue) for a discussion of rela-
ionships between temporal horizon and educational disadvantage.

Turning to practical implications of the poor outcomes observed
mong women with lower education in the present study, they cer-
ainly underscore the need for concern about the currently high
.S. high-school dropout rates. Only about 70% of children in U.S.
ublic schools graduate high school, and graduation rates often fall
elow 60% for individual states (e.g., Georgia) and below 30% in
ome major cities (e.g., Detroit) (Swanson, 2008). The U.S. ranks
owards the bottom among industrialized countries in high school
raduation rates and, perhaps not surprisingly, among the top in
een-pregnancy rates (Organization for Economic Cooperation and
evelopment, 2008; UNICEF, 2001). In addition to the problems of

moking during pregnancy focused upon in the present study, low
ducation is associated with increased risk for a wide range of other
erious acute and chronic health problems, including, for example,
ardiovascular disease, pulmonary disease, diabetes, and asthma,
s well as premature death (e.g., Cutler and Lleras-Muney, 2008;
rossman and Kaestner, 1997). We know of no formal experiments
n educational attainment that allow definitive inferences regard-
ng educational attainment and poor health outcomes. However,
esults from several of what can be considered natural experiments
n the topic support a causal relationship (Currie and Moretti, 2003;
leras-Muney, 2005), although others offer more equivocal results
e.g., Arendt, 2005). One such study is of particular relevance to
he topic of the present report (Currie and Moretti, 2003). That
tudy examined the effect of maternal education on infant health
nd maternal behavior at birth using U.S. Vital Statistics Natality
les from 1970 to 1999. More specifically, the investigators exam-

ned relationships between infant health, maternal health-related
ehavior including cigarette smoking, and the expansion of 2- and
-year colleges throughout the U.S. between 1940 and 1996. Ten-
ear trends in the measures of interest before and after the college
penings were contrasted. The results revealed significant positive
ffects of education, with an additional year of maternal education
eing associated with a 30% reduction in the probability of smoking,
10% reduction in the incidence of low birth weight, and a 6% reduc-

ion in the incidence of preterm birth, while also increasing the
ikelihood of marriage, entering prenatal care in the first trimester,
mong other changes. Effects largely appeared to be attributable to
he opening of public 4-year colleges, which increased by approxi-

ately 20% the likelihood that women living in close geographical
roximity to the new institutions would go on to obtain a 4-year
egree rather than discontinue their education after receiving a
igh school diploma.

There are many paths by which increased educational attain-
ent can potentially impact smoking vulnerability directly or

ndirectly. For example, greater education increases the likelihood

f being married, having a spouse and friends who are non-smokers,
eing employed in a work setting with low smoking prevalence,
eing more knowledgeable about health risks, and having enhanced
ecision-making and problem-solving skills (Cutler and Lleras-
uney, 2008; Jones et al., 2009; Wetter et al., 2005a, b). Such a rich
endence 104S (2009) S100–S105

array of potential paths to impact the target behavior would seem
to make furthering academic attainment among girls and young
women an attractive component in any comprehensive plan to
reduce smoking risk and improve women’s health. Certainly there
is little risk of meaningful adverse health effects from increased
educational attainment. Thus the only substantive drawback is fis-
cal, that is, that resources would be directed towards educational
attainment when they might be better directed at another risk
factor. Considering the strong positive associations between educa-
tional attainment and so many aspects of health, though, it seems
difficult to imagine that any failure to impact smoking risk would
not be offset by improvements in other important areas of health
assuming of course some level of a causal relationship between edu-
cational attainment and health (Cutler and Lleras-Muney, 2008).
That point notwithstanding, we are not advocating that resources
be directed towards increasing educational attainment among at-
risk girls instead of more conventional tobacco-control policies.
Rather, we are advocating for a broader approach to policy that
encompasses more distal risk factors in addition to the more proxi-
mal and conventional tobacco-control foci (see Clayton et al., 2009;
Graham et al., 2007; Graham, 2009; Hemsing and Greaves, 2009;
Kandel et al., 2009). Regarding the latter, the present results suggest
that encouraging women of childbearing age to reduce their fre-
quency of smoking if they are unable to quit, to make frequent quit
attempts, and to adopt no smoking policies in their homes would be
prudent steps towards helping them to quit smoking should they
become pregnant.

The present study has notable limitations, including the use
of a relatively small sample size, a cohort selected from a small
metropolitan area with an almost exclusively Caucasian popula-
tion, and a sample comprised exclusively of women willing to
participate in treatment-outcomes studies. Generalizing results to
girls and women from other regions, to other ethnic groups, and
to community samples should be done cautiously. Those limita-
tions notwithstanding, the results appear to be congruent with
results that have been reported from studies conducted with larger
and more diverse clinical and community samples demonstrating
robust associations between educational disadvantage and smok-
ing vulnerability among pregnant and recently postpartum women
(Fingerhut et al., 1990; Kandel et al., 2009; Mullen, 2004; Solomon
and Quinn, 2004).

Clearly, a great deal more research is needed to determine
whether and to what extent educational attainment directly influ-
ences smoking vulnerability among girls and young women and
the mechanisms involved in any causal relationships revealed. Such
knowledge has the potential to have a tremendous impact on pub-
lic health. Educational disadvantage is not only associated with
smoking vulnerability among women of childbearing age, but also
vulnerability to smoking in the general population, to other addic-
tions, and to a wide range of acute and chronic health problems
(Chilcoat, 2009; Cutler and Lleras-Muney, 2008). This relationship
between educational disadvantage and health is a problem crying
out for intense scientific scrutiny.
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